Introduction. The purpose of this study was to describe the echographic features and perinatal outcomes of fetuses with absence of ductus venosus. Material and methods. Retrospective review of 10 cases with absence of ductus venosus diagnosed by prenatal ultrasonography between January 2014 and February 2016 at a single referral center. Prenatal findings, umbilical shunting type, perinatal outcomes, and autopsy reports were reviewed. Results. A total of 11 491 fetuses underwent a first-and second-trimester screening during the study period. Ten cases of absence of ductus venosus were diagnosed. All of the fetuses presented an extrahepatic shunt: three fetuses from the umbilical vein to the right atrium and the seven remaining fetuses from the umbilical vein to the inferior vena cava. Major structural defects and fetal effusions were detected in six fetuses. There were two cases of chromosomal abnormalities. Five patients underwent legal termination of pregnancy and five decided to carry to term. In two of these, the absence of ductus venosus anomaly was isolated and had a normal outcome. In the remaining three cases, a follow up of the children showed a variety of adverse outcomes. Conclusions. The absence of ductus venosus is associated with high rates of adverse perinatal outcomes. The prognosis for this group of anomalies depends on the additional findings with targeted ultrasound. This pathology should lead to a detailed anatomical study and affected fetuses should be closely monitored for signs of congestive heart failure.
Introduction
During the last decades, the fetal venous system has been the subject of intense research because of its importance in fetal circulation, transporting oxygenated blood from the placenta to the fetal heart. The development of highresolution ultrasonographic probes, the routine use of color Doppler and the introduction of bidirectional power Doppler have allowed for a better understanding of the fetal venous system, its normal physiology and the
Key Message
The absence of ductus venosus is associated with high rates of adverse perinatal outcomes. The prognosis for this pathology depends on additional findings of a targeted ultrasound. These fetuses should be monitored for signs of congestive heart failure. circulatory changes that may occur in anomalous circumstances (1, 2) .
In human fetal circulation, about 70-80% of the blood oxygenated in the placenta goes to the liver through the umbilical vein and 20-30% goes to the ductus venosus (3) . Although the umbilical vein drains into the portal system, the arising ductus venosus from the portal sinus bypasses the liver to drain blood preferentially into the left atrium (4) . The ductus venosus is a high-speed vessel with a characteristic venous flow pattern (Figure 1) .
Absence of the ductus venosus (ADV) is not a single anomaly, but rather a group of anomalies with the common characteristic of an abnormality or absence of a connection between the umbilical vein-portal sinus and the inferior vena cava at its insertion into the heart (5) (6) (7) (8) . This is a rare condition for which the true prevalence is unknown (1); some authors estimate that it affects six out of every 1000 fetuses (9) . There is a failure in the development of this "critical anastomosis" and, as there is no connection between the umbilical vein and the ductus venosus, the blood from the umbilical vein goes into the fetal heart through an aberrant vessel (5) .
Several classifications of this anomaly have been proposed. To simplify the study, we used one that classifies it into two large subgroups based on the umbilical vein drainage site: intrahepatic or extrahepatic. The intrahepatic type occurs when the umbilical vein drains to the portal sinus and into the intrahepatic sinusoids and there is no presence of liver bypass circulation. The extrahepatic type is categorized in several subtypes; the umbilical vein bypasses the portal sinus and the liver and connects with the superior vena cava, inferior vena cava, iliac vein or directly with the right atrium (10, 11) , or the coronary sinus (12) through an aberrant vessel.
Here, we present 10 cases of ADV, diagnosed antenatally at a single referral center. We describe our experience and offer a review of the available literature on this rare condition.
Material and methods
Fetuses diagnosed with ADV were identified using an established perinatal database from our Prenatal Diagnosis Unit, a single referral center (1 January 2014 to 8 April 2016). A retrospective descriptive study of cases with ADV was done. Prenatal findings, umbilical shunting type, perinatal outcomes and autopsy reports were reviewed.
All ultrasound studies were conducted with General Electric-Voluson 730 Expert equipment using color Doppler and bidirectional power Doppler.
Ethical approval
The study was approved by the Hospital ethics committee (CEIm-CHUIMI-2016/879).
Results
During the study period a total of 11 491 fetuses underwent first-and second-trimester ultrasound screening in our Prenatal Diagnosis Unit. Ten cases of congenital ADV were diagnosed.
In six of the cases, the anomaly was identified during a targeted ultrasound. The indications for fetal cardiac evaluation included abnormal findings in the first-trimester screening (ultrasound markers for anomalies and increased nuchal translucency), intrauterine growth restriction, oligohydramnios and a suspected cardiovascular anomaly. In the remaining four cases, it was an incidental finding during the first-trimester screening or a routine morphological ultrasound screening at weeks 20-22 of pregnancy. The mean gestational age at diagnosis was 19 AE 2 weeks (range from 13 +5 to 30 +5 weeks). Seventy percent of the cases were diagnosed during the second trimester of gestation.
All the cases presented in our study revealed an extrahepatic shunt. Seven presented an extrahepatic umbilical vein course draining into the inferior vena cava through an aberrant vessel (cases 1, 2, 3, 4, 7, 8 and 10; Figure 2a -d,g,h,j, respectively). In the remaining three cases, the umbilical vein drained directly into the right atrium (cases 5, 6 and 9; Figure 2e ,f,i). Figure 2 shows the ultrasound images of the anomalous connections between the umbilical vein and the fetal venous system.
In every case, the use of color Doppler and bidirectional power Doppler was essential for an adequate evaluation of the aberrant vessels that connected the umbilical vein with the fetal venous system.
In eight cases, associated anomalies were found. In two cases, the only associated anomaly was an intrauterine growth restriction. Table 1 outlines the clinical associated anomalies and postnatal findings.
Cardiomegaly was observed in two fetuses at the time of diagnosis ( Figure 3 ). These cases had an abnormal venous channel draining directly into the right atrium (cases 5 and 9). Both fetuses presented a connecting vessel with a diameter equal to or larger than that of the umbilical vein, resulting in a higher than normal volume load to the fetal heart. Table 2 shows the relation between shunt diameter, nuchal translucency and sonographic findings of fetal failure.
Six fetuses had a normal karyotype and two had chromosomopathy: 46,X,der(X) karyotype (an X-derived chromosome lacking the terminal portion of the long arm, which contained additional material from a different chromosome) and 46,XX,add(5)(p15). Parents refused fetal karyotyping in one case. In another case, the karyotype was unknown (a skin biopsy was conducted after legal termination of pregnancy, but there was a lack of growth in the cell culture).
In case number 6, there were hepatic calcifications. The umbilical vein had an extrahepatic course with persistence of the right umbilical vein and drained directly into the right atrium ( Figure 4 ).
Five women underwent legal termination of pregnancy and five decided to carry to term. The overall postnatal survival rate was 100%. The mode of delivery was vaginal in four cases (80%). In cases 1, 7 and 8, delivery was normal and at term.
Among the five women who continued with the pregnancy, the two fetuses without associated anomalies had a normal outcome. The remaining three surviving babies are affected on different levels (Table 1) .
In patients with legal termination of pregnancy, the results of the necropsy studies confirmed the prenatal diagnosis ( Figure 5 ).
Discussion
The ductus venosus plays a major role in the regulation of fetal blood circulation by adjusting the blood volume that reaches the right atrium according to the pressure gradient between the umbilical vein and the fetal heart (13) .
The etiology of human fetal venous system anomalies is unclear. It has been proposed that such anomalies may result from two different events: a primary defect in the formation of this critical anastomosis or an occlusion in the already formed system. When a primary defect occurs in the formation of the ductus venosus, the blood returning from the placenta takes an alternative route (2).
Cohen et al. (14) suggest that the presence of echogenic foci in the fetal liver may be related to thromboembolism that might have occluded the ductus venosus or other veins, so that the umbilical vein developed an alternative route to the fetal heart. Very few case descriptions and case series are available in the literature. A systematic review of 259 fetuses with ADV has been published recently, reviewing the predicting factors of perinatal outcomes (15) . Before that, the largest series published by Berg et al. (8) 
Our results and literature review suggest that ADV is associated with high rates of adverse perinatal outcomes. In general, the ductus venosus is not observed in routine morphological screening. It is usually the detection of fetal anomalies (morphological anomalies or hydrops fetalis) that directs the attention of the examiner towards the fetal vascular system, so providing otherwise unadvertized evidence of ADV (14) . In our case series, most fetuses presented alterations (six with morphological anomalies and two with altered fetal growth) which led to examination of the ductus venosus and to the finding of abnormal connections between the umbilical vein and the venous system. All of the fetuses with morphological anomalies presented a large number of associated malformations, including one case of malformations incompatible with life. Furthermore, in all cases there were cardiopathy diagnoses of varying severity.
The prognosis for this group of anomalies depends on the additional findings with targeted ultrasound. The association with other abnormalities may be the most vein and the fetal venous system, particularly of a direct connection into the inferior vena cava, increases the risk of aneuploidy such as trisomy 21 (16), trisomy 18 (17) or other alterations. In our series, only two fetuses presented karyotype alterations. Studies show a high probability of normal outcomes in fetuses with an ADV without associated anomalies (5). In our study, there were two fetuses with ADV without morphological anomalies or growth retardation, both with normal outcomes.
The type of connection between the umbilical vein and the fetal venous system determines the overload on the fetal heart and the severity of cardiomegaly and other signs of congestive heart failure. Acherman et al. (9) described cardiomegaly found in patients with abnormal venous vessels draining directly into or close to the right atrium. In a meta-analysis (18) of 35 cases of ADV that drained directly into the heart, a higher incidence of cardiomegaly and hydrops fetalis was found. When there is a direct connection to the heart, all the blood from the umbilical vein reaches the heart, resulting in high central venous pressure. Contratti et al. (13) found signs of heart involvement in almost all cases of fetal blood circulation connected directly to the heart or the inferior vena cava, whereas such signs were not observed in the presence of a connection between umbilical circulation and the portal system. In our series, three fetuses presented direct drainage of the umbilical vein into the heart. Two of them presented cardiomegaly and pericardial effusion (cases 5 and 9). The other case that presented hydrops fetalis (case 2) had an intrahepatic umbilical vein course with extrahepatic drainage into the inferior vena cava with an aberrant vessel narrower than the umbilical vein.
Some authors (5, 6) speculate that the prognosis could depend on the shunt diameter. A narrow communicating vessel would maintain portal blood flow and the portal system would develop normally. However, if the shunt diameter is equal or larger than that of the umbilical vein, the "steal" effect could be associated with a reduction of the intrahepatic flow, possible underdevelopment of the venous portal system and a poorer fetal prognosis. In our study, a normal portal circulation was assessed in two cases, both with a narrow shunt. One strength of this study is that there is no loss of data in the follow up due to the centralization of the cases in a single referral center. A limitation of the study is that we do not know the real prevalence of ADV in our population, since ductus venosus is not examined on a regular basis during the morphological screening ultrasound in our center.
Conclusions
The presence of ADV or an abnormal umbilical vein course should lead to a detailed anatomical study aimed at evaluating the possible presence of associated morphological anomalies since this condition is significantly associated with cardiac and extra-cardiac alterations.
Fetuses with ADV, especially those with extrahepatic drainage of the umbilical vein, should be monitored for signs of congestive heart failure, even in the absence of associated cardiopathy. Such signs include: cardiomegaly, tricuspid regurgitation, pleural or pericardial effusion, hydrops fetalis and polyhydramnios. Worsening of the heart failure may be an indication for termination of pregnancy (8, 19, 20) . The long-term prognosis in these cases is unknown. An ADV without liver bypass seems to have a more favorable prognosis when it is not associated with other malformations.
An ultrasound study of the ductus venosus should be performed when there is an increased nuchal translucency in the first trimester, unexplained cardiomegaly, valvular atrioventricular failure or nonimmune hydrops (14) . Materno Infantil de Canarias for the pictures of the necropsy study in case 6.
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